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Description 

10001] This invention relates to a digital video signal recording/reproducing apparatus using bit rate reduction coding 
and having a function of outputting reproduced data in a form of bit rate reduction coded state. 
[0002] Under a progressive recent trend toward making high quality, digital home-use video equipment, video signal 
recording and reproducing equipment using the digital recording technology have been developed. However, if an input 
video signal is a 4:2:2 component signal, for example, the transmission rate becomes as high as 216 Mbps! and if it is 
directly recorded, a large recording capacity for allowing a long-time recording cannot be realized. As a result, in order 
to obtain an adequately-long recording time for home-use. it is required to efficiently reduce the quantity of image data 
to a degree capable of obtaining allowable picture quality by bit rate reduction coding technology. The structure and 
operation of a conventional digital video signal recording and reproducing apparatus using the bit rate reduction coding 
technology will be described below. 

[0003] First, when recording, an Input video signal is converted into a digital signal by an A/D converter and com- 
pressed into a predetermined quantity of data by a bit rate reduction encoder. As a method of bit rate reduction encod- 
ing the video signal, a method of using orthogonal transformation is generally employed from the viewpoint of 
compression efficiency. The orthogonal transformation divides plural pixels into blocks and converts the pixels into fre- 
quency regions on a block by block basis. By encoding the transformed coefficients by variable length encoding the 
data can be efficiently compressed. In this case, if the unit for the variable lengtfi encoding is increased, the efficiency 
of encoding can be improved. On the other hand, if an error is generated, the range of error propagation becomes large. 
As a result, in the digital video signal recording and reproducing apparatus having a higher probability of error genera- 
tion than other transmission lines, such an encoding method that the bit rate reduction encoding is performed in a unit 
of plural blocks (hereinafter called a compression block) has been introduced. 

[0004] Next, in an error correction encoder, an error correction parity is added, and then a sync signal and identifica- 
tion data (ID) are added to form a recording block (hereinafter called a sync block). Then, the sync block is modulated 
for recording and recorded on a recording tape. The sync block is essentially composed of a sync signal for detecting 
the sync block from the reproduced signal, an Identification data (ID) containing a track number for correctly writing the 
reproduced sync block into a memory and a sync block number, bit rate reduction encoded data of the video signal and 
the error correction parity. The sync blocks thus composed are recorded on a track on the tape. 
[0005] Next, when reproducing, a reproduced signal from a reproducing head is subjected to detection and demodu- 
lation of the sync block, and subjected to error correction in an error correction decoder according to the error con-ection 
parity added dunng recording. Error correction is effected to a certain number of errors by this process However if a 
drop out occun-ed, for example, due to a damage on a tape, such an error occurs that cannot be corrected by the error 
con-ecUon decoder. If an uncorrectable error occun-ed as such, error concealmeitt is performed so that the influence of 
the en-or can be as incon^icuous as possible visually The influence of the error propagates to the range within which 
a variable length encoding is completed- As a result, in an error concealment circuit, error concealment is carried out 
by substituting an entire sync block forming a compression block containing erroneous data with a previous correspond- 
ing sync block. The concealed data is decoded to the original data in a bit rate reduction decoder and converted through 
a D/A converter mto the analog signal. A digital recording VTR using the bit rate reduction coding technology as shown 
above IS disclosed, for example, in "An Experimental Study on a Home-Use Digital VTR" by C. Yamamitsu et ai IEEE 
Transaction on Consumer Electronics, Vol. 35, No. 3. August 1989. pp.450 - 457. 

[0006] In the digital recording, data sequence of 0 and 1 is recorded. If 0 and 1 are detected erroneously due to dis- 
tortion of the reproduced waveform, it becomes an error of the data. In this case, if the error rate is a predetermined 
value or less, the error can be corrected by the error correction technique. Therefore, by setting the correctability ade- 
quately with respect to the error rate of the reproduced data, perfectly correct data can be reproduced As a result con- 
trary to the analog recording in which repetition of dubbing results in an increase and accumulation of distortion the 
digital recording is largely advantageous in that deterioration due to dubbing can be largely reduced Here the "dub- 
bing" means that a signal reproduced from one reproducing apparatus is sent to and recorded by another recording 
apparatus. Particularly, in the digital dubbing through no analog processing, deterioration of the signal can be further 
largely reduced. 

[0007] Here, when the orthogonal transform encoding is used as a method of bit rate reduction encoding of a video 
srgnal, the orthogonal transformation and inverse orthogonal transformation are actually processed In a finite word 
length so that the repetition of the orthogonal and inverse orthogonal transformations results in an accumulation of 
operational errors, leading to an Increase In distortion. Besides, even in case that filtering processes such as the deci- 
mation, irrterpolation and the like are additionally carried out. the repetition of such filtering processes results in an 
increase in distortion as well. As a result, though the digital recording is advantageous in that deterioration due to dub- 
bing IS small compared with the analog recording, the distortfon will be increased whenever the digital dutoing is carried 
out, so that the picture quality after the dubbing has been carried out several times may be deteriorated to such a 
degree that can be visually sensed compared with the original picture quality. Accordingly, in order to prevent deterio- 
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ration due to dubbing from being accumulated, a method of dubbing signals in the bit rate reduction encoded state is 
disclosed, for example, in U.S. Patent No. 5.193,010. 

[0008] However, the method disclosed therein is such that concealed data are outputted for dubbing in any case As 
a result, it cannot respond to any case that error concealment is not earned out in the bit rate reduction encoded state 
Also, even in case that the concealment is to be carried out. it must be done in the form that the decoding is correctly 
can-ied out in the bit rate reduction decoder. 

[0009] JP-A.03242877 discloses a dubbing system in which a bandwidth compressed and encoded information code 
tram recorded on a recording tape is reproduced by a master VTR transmitted in the form of the encoded code train 
from the master VTR to a slave VTR and recorded on another recording tape by the slave VTR. The master VTR 
includes a concealment circuit for concealing a code error which cannot be corrected by a correcting means which per- 
forms error concealment after the encoded code train has been decoded and bandwidth expanded by the expansion 
circuit. Either at the slave VTR or at the master VTR the concealed data is recompressed and encoded before record- 
ing. 

[001 0] The present invention provides a digital video signal processing apparatus for reproducing a digital video signal 
from bit rate reduction coded data recorded on a recording medium in the form of record blocks which have been pro- 
duced by dividing a digital video signal into small blocks, forming rr^cro blocks each being composed of a specified 
number of small blocks, bit rate reduction encoding each of said macro blocks, forming said record blocks from the 
encoded macro blod«. respectively, and recording said record blocks on the recording medium, said apparatus com- 
prising: 

reproducing means for reproducing said record blocks from the recording medium; 

"^^^"^ coupled to said reproducing means for correcting errors contained in the reproduced recorcl 

DIOCKS; 

first output means coupled to said error correction means and adapted to be connectalDle to a digital video signal 
25 recording apparatus tor outputBng the reproduced record blocks; 

decoding means coupled to said error correction means for decoding bit rate reduction encoded data in each of 

said reproduced record blocks to obtain a decoded digital video signal; and 

second output means coupled to said decoding means for outputting tl^e decoded digital video signal 

characterized in that said digital video signal processing apparatus further comprises- 
30 en-or concealment means coupled to said error correction means so that it receives bit rate reduction encoded data 

trom said error correction means, for performing error concealment of each of the reproduced recorel blocks which 

has an en-or which cannot be corrected by said error correction means; and 

multiplexing means coupled to said error concealment means for multiplexing each of the reproduced record blocks 
with mforrriation necessary for decoding to obtain multiplexed record blocks each being multiplexed with said infor- 
35 mation. wherein said information includes a concealment information data indicating whether or not an error in 
each record block multiplexed with said concealment information data has been concealed and how said error in 
saw each record block has been concealed, and in that 

said first output means is coupled to said multiplexing means for outputting said multiplexed recoid blocks. 

[001 1 ] Preferably, said multiplexing means multiplexes, among the reproduced record blocks, each record block which 
has been concealed by said error concealment means with said concealment information data, and multiplexes, among 
the reproducjed record blocks, each record blocks which has not been concealed by said error concealment means with 
said concealment information data and an error flag indicating whether or not an error exists in said record block which 

o? concealed by said error concealment means, to obtain said multiplexed recorci blocks 
i ^ ^T*"^' P"^^^ embodiments each of at least one of the recoid blocks contains bit rate reduction 
encoded data of at least two encoded macro blocks and said multiplexing means further multiplexes among the repro- 
Snrl.?^'^ ^ J- '^'^''^ concealed by said error concealment means with a decoding 

H^^ K '"^icatng whether or not the record block multiplexed with the decoding information data can be 
decoded by using bit rate reduction encoded data of another record block. 

I?"! i"''®""?" provides an apparatus for processing dighal video signals subjected to bit rate reduction 
coding, which IS capable of restraining deterioration of data due to digital dubbing and correctly decoding the data after 
dubbing thereby to reproduce a high quality picture. 

a^^ai Jfw described above, the digital video signal processing apparatus using bit rate reduction 

coding of this invenbon selects the information to be multiplexed to each reproduced record block depending on the 
rl^'^'V^-^- "^^^ correction is carried out and then the error concealment is appli^ to any 

Ihff 1„ o f " ""correctable by the error correction means, a concealment information data indicating 

tl^t an error concealment has been carried out is multiplexed to the recoitl block. Also, since continuity of the bit rate 
reduction encoded data may be broken by concealing a part of the recoid blocks, information concerning decoding 
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becomes necessary. So, a decoding information data indicating a decoding method of bit rate reduction encoded data 
is also multiplexed. When the error concealment is not carried out in the bit rate reduction encoded state, an error flag 
is multiplexed to the corresponding record block to be outputted. 

[001 5] Consequently, the apparatus of this invention is capable of restraining deterioration of data due to digital dub- 
bing and correctly processing the data after dubbing thereby to reproduce a high quality picture. 

Fig. 1 is a block diagram of a digital video signal processing apparatus according to a first embodiment of this inven- 
tion. 

Fig. 2 is a block diagram showing a detailed structure of the bit rate reduction encoder 118 shown in Fig. 1 . 
Fig. 3 is a tAock diagram showing a detailed structure of the bit rate reduction decoder 1 1 1 shown in Fig. 1 . 
Fig. 4 is an explanatory diagram of a method of reading out a compression block. 

Fig. 5 is a diagram for explaining the order of variable length encoding coefficients obtained by orthogonal transfor- 
mation. 

Fig. 6 is an explanatory diagram of a method of inserting variable length encoded data into five UNITs. 
Fig. 7 is a diagram for explaining a UNIT structure multiplexed with a concealment information data and an addi- 
tional information data. 

Fig. 8(a) is a diagram for explaining a concealment information data and an additional information data to be set 
when one UNIT of one compression block is erroneous. 

Fig. 8(b) is a diagram of explaining a concealment information data and an additional information data to be set 
when all UNITs of one compression block are erroneous. 

Fig. 9 is a block diagram of a digital video signal processing apparatus acconding to a second embodiment of this 
invention. 

Fig. 10 is a block diagram of a digital video signal processing apparatus according to a third embodiment of this 
invention. 

Fig. 11 is a diagram for explaining a UNIT structure multiplexed with a STATUS information data when the STATUS 
information data is defined as shown in Table 2. 

Fig. 12(a) is a diagram for explaining a STATUS information data to be set when the STATUS information data is 
defined as shown in Table 2 and one UNIT of one compression block is erroneous. 

Fig. 12(b) is a diagram for explaining a STATUS information data to be set when the STATUS information data is 
defined as shown in Table 2 and all UNITs of one compression blocks are erroneous. 

[0016] Preferred embodiments of this invention will be described below while referring to the drawings in which a 
processing unit corresponding to a sync blocK or a record block, is called "UNIT". More specifically bit rate reduction 
encoded data are recorded on a recording medium (a magnetic tape in the embodiments) in the form of record blocks 
each composed of a sync signal, an identification data (ID) and a UNIT which is conposed of a head area and encoded 
data as shown in Figs. 7 and 11. 

10017] Fig 1 . is a block diagram of a digital video signal processing apparatus according to a first embodiment of this 
invention. This apparatus comprises, on the reproduction side thereof, a reproducing head 1 00, a reproduction process- 
ing circuit 101 which amplifies, detects and demodulates data reproduced through the reproducing head 100 from a 
magnetic tape MX an error correction decoder 102 which produces an error correction decoded data 103 and a flaa 
104 showing existence of an error on a UNIT by UNIT basis, a concealment memory 105. a switch 106 for selecting the 
ou^ut data 1 03 of the error correction decoder 1 02 and an output data of the concealment memory 1 05 on a UNIT by 
UNIT basis, a concealment information multiplexer 107 for multiplexing a data showing such information that an error 
concealment has been carried out (hereinafter called concealment information data) to the concealed UNIT a delay 
memory 108 for delaying data for five UNITs. an additional information generator 109 which detects the concealmerrt 
informabon data multiplexed to each UNIT to generate an additional information data according to the detected result 
an additional information multiplexer 1 10 for multiplexing the additional information data to each UNIT a bit rate reduc- 
tion decoder 1 1 1 . a D/A converter 1 1 2 for converting bit rate reduction decoded data into an analog signal, an output 
terminal 1 13 of a reproduced video signal, a digital interface circuit 1 1 4 for converting bit rate reduction encoded digital 
data into a transmission format suited to transmission, and an output terminal 1 1 5 of the digital data in the transmission 
format. Furthermore, the apparatus comprises, on the recording side thereof, an input terminal 1 16 of an analog video 
signal, an A/D converter 1 1 7 for converting the analog video signal into a digital signal, a bit rate reduction encoder 1 1 8 
an input terminal 1 19 for receiving the digital data outputted from the output terminal 1 15. a digital interface circuit 120 

sent from the terminal 1 19 into the original bit rate reduction 
enajded digital data, a switch 121 for selecting an output data of the bit rate reduction encoder 1 19 and an output data 
0 ttie digital interface circuit 1 20. an error correction encoder 1 22. a recoiding processing circuit 1 23 for effecting mod- 
u abon for recording, and a recording head 124 for recording the modulated data on a magnetic tape MT. The operation 
of the apparatus constituted as above will be explained below. 
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[0018] First, description will be made on the bit rate reduction encoding and decoding processes. Fig. 2 is a block 
diagram of the bit rate reduction encoder 118 shown in Fig. 1. The encoder 118 comprises an input terminal 200 of a 
video digital signal from the A/D converter 1 17, a memory 201 for dividing the digital video signal into small blocks each 
composed of horizontal 8 pixels x vertical 8 pixels, an orthogonal transformation circuit 202 for performing two-dimen- 
sional orthogonal transformation of data in each small blocks of 8 x 8 pixels, a quantizer 203, a variable length encoder 

204, a memory 205 for inserting variable length encoded data into UNITs, and 206 is an output terminal of the data 
inserted into UNITs. 

[001 9] Fig. 3 is a block diagram of the bit rate reduction decoder 1 1 1 shown in Fig. 1 . The decoder 1 1 1 comprises an 
input terminal 300 of the data inserted into UNITs. a memory 301 for re-arranging the variable length encoded data 
inserted into UNITs in the order to be decoded, a variable length decoder 302. an inverse quantizer 303. an inverse 
orthogonal transforn^tlon circuit 304. a memory 305 for rearranging data on a block by block basis in the original order, 
and an output terminal 306 of the decoded data thus re-an-anged in the original order. 

[0020] Referring to Fig. 2, digital video signals received through the terminal 200 are written successively into the 
memory 201 . In the memory 201 . one frame is formed of two fields and the data is read out in the form of small blocks 
each composed of 8 x 8 pixels. In this ennbodiment, the bit rate reduction encoding is carried out so that the quantity of 
data after variable length encoding is always kept constant in a unit of 30 small blocks. Therefore, the data is read out 
from the memory 201 in a unit of a compression block consisting of 30 small blocks. Fig. 4 is a diagram showing a 
method of reading out the compression block from the memory 201. in which one frame 400 forming one picture is 
divided into five regions. From each region, four luminance signal blocks and two chrominance signal blocks (one R-Y 
block and one B-Y block) are read out. Here, the input video signal is a 4:2:2 component signal, in which the chromi- 
nance signal has been decimated by one for every two lines. Accordingly, four luminance signal blocks and each of two 
chrominance signal blocks have the same position and area on a picture. A set of the four luminance signal blocks and 
two chrominance signal blocks is called a macro block. One compression block is composed of five macro blocks 401 
402, 403. 404 and 405. 

[0021] Next, the data thus read out from the memory 201 is subjected to two-dimensional orthogonal transformation 
in the orthogonal transformation circuit 202 for each small block, quantized in the quantizer 203, and applied with vari- 
able length encoding in the variable length encoder 204. Fig. 5 is a diagram showing the order of variable-length encod- 
ing the coefficients obtained by the orthogonal transformation in the orthogonal transformation circuit 202 in the unit of 
the block of 8 x 8 pixels, in which a shaded are 500 shows the DC component and an area 501 shows AC components. 
As shown in Fig. 5, the coefficients are encoded by zigzag scan successively from the DC component, lower frequency 
AC components to higher frequency AC components. The quantizer 203 quantizes the data so that the quantity of data 
after variable length encoding is always kept constant in the compression block unit. The variable length encoded data 
in each compression block are written successively from the lower to higher frequency components into the memory 

205. In ttie memory 205, the variable length encoded data of the five macro blocks forming one compression block is 
divided and inserted into five UNITs. 

[0022] Fig. 6 is a diagram showing a method of inserting the variable length encoded data of five macro blocks by the 
memory 205 into five UNITs. The data 600, 601 . 602. 603 and 604 are respectively obtained by encoding the five micro 
blocks. The data of each macro block are inserted into a corresponding one of UNITs 605. 606. 607, 608 and 609 suc- 
cessively from tine first data. Here, since the quantity of data of each of the five macro blocks is not constant, there may 
occur such a case that tiie quantity of encoded data of one macro block becomes larger or smaller than the quantity of 
data insertable into tiie corresponding UNIT In the case that a maao block has a larger quantity of data than tine capac- 
ity of tine corresponding UNIT, the excess data shown by a shaded area in Frg. 6 are inserted into a vacant area of tiie 
other UNITS. With the unit sfructijre as described above, one macro block corresponds to one UNIT so that if one UNIT 
can be reproduced, the corresponding macro block can be reproduced on a picture. In addition, the data inserted into 
any other UNIT because of an excess of the data quantity corresponds to the high frequency components of a macro 
block, so that even if such data are lost, large deterioration in picture quality does not occur. 

[0023] On the other hand, in the bit rate reduction decoder shown in Fig. 3, the data in the compression block inserted 
into UNITS are rearranged in tiie memory 301 in the order to be variable length decoded, and applied witti tiie inverse 
processes to the encoding processes through the variable length decoder 302. the inverse quantizer 303. inverse 
orthogonal transformation circuit 304 and memory 305. 

[0024] With the digital video signal recording and reproducing apparatus using tiie bit rate reduction encoding and 
decoding processes as described above, the reproduction process of data inserted into UNITs and recorded will be 
described below by referring to Fig. 1 . 

[0025] The data reproduced from ttie reproducing head 100 is detected and decoded in the reproduction processing 
circuit 101 . and sent to the error correction decoder 102, In tiie error correction decoder 102, the error correction is car- 
ried out in accordance with the error correction parity added in tiie recording processing. The error correction decoded 
data 103 is sent out from the error correction decoder 102 together witii the flag 104. The flag 104 is sent to each UNIX 
and set to "0" if the UNIT has no error and "1" if tiie UNIT has an error. 
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[0026] Next the error concealment in response to the flag 104 will be described below. The error concealment uses 
the concealment memory 105 and the switch 106. The switch 106 is switched on a UNIT by UNIT basis in response to 
the flag 104. First. In the case of any UNIT having the flag 104 set to "0", that is. any UNIT that has no error, the switch 
106 is set to the A-side thereof. Then, the data 103 read out from the en*or connection decoder 102 is selected and sent 
to the concealment infornrmtion multiplexer 107 to be multiplexed with the concealment information data, and written 
into the delay memory 108 and the concealment memory 105. Next, in the case of any UNIT having the flag 104 set to 
"1". that is, in the case of any UNIT that has an error, the switch 106 is set to the B-slde thereof. Then, the data of a 
con-esponding UNIT of one frame before is read out from the concealment memory 105 and sent to the concealment 
Information multiplexer 107 to be multiplexed with the concealment information data, and written into the delay memory 

108 and the concealment memory 105. Namely, the data of any correct UNIT is directly sent out and simultaneously 
written into the concealment memory 1 05. On the other hand, the data of the con-esponding UNIT of one frame before 
is read out from the concealment memory 105 instead of the data of any UNIT that has an error, and written again into 
the concealment memory 105. As a result, the concealment memory 105 always has stored therein only the data of cor- 
rect UNITS for error concealment of data of the next and following frames. 

[0027] Here, in the concealment information multiplexer 107, the concealment information data is multiplexed to two 
first existing bits of each UNIT in response to the flag 104. The concealment information shows whether an error con- 
cealment was performed for each UNIT The concealment information data is. as shown in Table 1 , set to "00" when the 
error concealment was not performed, and to other codes than "00" depending on the concealment method when the 
concealment was performed. In this embodiment, the substitution is made with the data of the corresponding UNIT of 
at least one frame before, so that in the case that the flag 104 is set to "0". the concealment information data is set to 
''OO". and in the case that the flag 104 is set to "1 ^ the concealment information data is set to "Or or "1 r. At the time 
of first recording, the concealment information data is always set to "00" and multiplexed. 

[0028] The data subjected to the error concealment as described above are written into the delay memory 1 08. The 
delay memory 108 is a memory for delaying data inputted thereto by a time period corresponding to five UNITs which 
Is a processing time of the input data by the additional information generator 109. The additional information generator 

109 detects the concealment information data of the five UNITs constituting the compression block and outputs an en-or 
flag or a decoding information data as additional information in accordance with the concealment information data as 
shown in Table 1. First, in the case that the concealment information data is "00". showing that no error concealment 
was carried out. the additional information is used as the error flag. Here, the condition of a UNIT may be classified into 
such two cases that the UNIT has no error and that the UNIT has an error but was not subjected to error concealment. 
As a result, for these two cases, the error flag is defined as shown in Table 1 . 

[0029] Next, in the case that the concealment information data is not "00". the additional information is used as the 
decoding information. The concealment information data is set to other code than "00" in the case that the error con- 
cealment was carried out for the record block, so that it is meaningless to define the error flag because error does not 
exist after the error concealment. On the other hand, such a case may occur that the data overflowed from any other 
UNIT cannot be ensured to be decoded by concealing a part of the five UNITs constituting the compression block. 
Accordingly, the decoding information data is defined as shown in Table 1 instead of the error flag. 



Table 1 



Concealment information 


00 


UNIT is not concealed. 


01 


UNIT is concealed from one frame before. 


10 


UNIT is concealed from one frame after. 


11 


UNIT is concealed by other method. 


If concealment information is "00": 


Error flag 


0 


UNIT has no error. 


1 


UNIT has an error. 


If concealment information is not "00": 


Decoding information 


0 


Data from other UNITs are usable. 


1 


Data from other UNITs are not usable. 



[0030] Fig. 7 is a diagram showing a data arrangement of a UNIT having the additional information data multiplexed, 
in which 700 is a four-bit quantizatfon information data, 701 is a two-bit concealment informatfon data. 702 is a one-bit 
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additional information data and 703 is a bit rate reduction encoded data. Hereinafter, the concealment information data 
and the additional information data to be multiplexed to the UNITs are collectively called a STATUS information data. 

[0031] The STATUS information is defined as shown below depending on the concealed pattern of the UNITs consti- 
tuting one compression block. 

5 

(1) In case that a part of the UNITs is concealed: 

[0032] For example, in the case that one UNIT of one connpression block is erroneous, the UNIT is substituted with a 
con-esponding UNIT of one frame before and the concealment information data is set to "01 In this case, encoded data 
10 of other macro-blocks overflowed from another UNIT may possibly exist in the erroneous UNIT. Such overflow data may 
possibly be lost and not used in decoding, so that the decoding information data is set to "1". 

(2) In case that ail of the five UNITs are concealed: 

IS [0033] In case that ail five UNITs constituting one compression block are erroneous due to burst error or the like, each 
of the five UNITs is substituted with a con-esponding one of the UNITs of one frame before and the concealment Infor- 
mation data is set to "01". In this case, the encoded data overflowed from the corresponding macro block can be 
decoded, so that the decoding information data is set to "0" for each of the five UNITs. 

[0034] Fig. 8(a) shows the STATUS information data to be set for each UNIT in the case that only one UNIT of the five 
20 UNITs constituting one compression block is concealed. First, for the UNIT n that is concealed, the concealment infor- 
mation data is set to "01 and the decoding information data is set to "1 Also, for each of the UNIT (n+1 ) to UNIT (n+4), 
the concealment information data is set to "00" and the decoding information data is set to "0". Fig. 8(b) shows the STA- 
TUS information data to be set for each UNIT in the case that all of the five UNITs constituting one compression block 
are concealed. For each of the UNIT n to UNIT (n+4), the concealment information data is set to "01 " and the decoding 
25 information data is set to "0". 

[0035] The data of each UNIT at the head of which the STATUS information data is multiplexed is on one hand 
decoded in the bit rate reduction decoder 111 to the original video signal, and on the other hand simultaneously sent 
out to the digital interface circuit 114. In the bit rate reduction decoder 111 , first, a decoding method is determined 
depending on the decoding information data. In the case that the decoding information data is "0", the data of all of the 

30 five UNITs constituting one compression block are decoded. Also, in the case that the decoding information data of at 
least one UNIT of the five UNITs constituting one compression block is "1". only the data of the macro blocks con-e- 
sponding to each UNIT are decoded, and the data overflowed from another UNIT are not decoded. In the digital inter- 
face circuit 1 1 4, the bit rate reduction encoded data are formatted to a specified transmission format and outputted from 
the terminal 1 1 5. In this case, the STATUS information data is sent out in the state that is multiplexed to each UNIT. 

35 [0036] On the other hand, on the recording side of the apparatus, the data of the transmission format received through 
the terminal 1 19 are sent to the digital interface circuit 120 and returned to the original bit rate reduction encoded data. 
In case of digital dubbing, the switch 121 is fixed to the B-side thereof to select the output data of the digital interface 
circuit 120. The selected data is added with an error correction parity in the error correction encoder 122, modulated in 
the recording processing circuit 123, and recorded onto a magnetic tape MT by the recorcJing head 124. That is. the 

40 error correction processing is carried out in the state that the STATUS information data is multiplexed to each UNIT, so 
that the STATUS information is recorded onto the magnetic tape. 

[0037] According to the first embodiment, as described above, when the data having been subjected to a digital dub- 
bing performed in the bit rate reduction encoded state is reproduced, the data of each UNIT can be perfectly decoded 
according to the decoding information data. 

45 [0038] Fig. 9 is a block diagram of a digital video signal processing apparatus according to a second embodiment of 
this invention. This apparatus has a concealment information multiplexer 900, an additional information multiplexer 901 , 
a bit rate reduction decoder 902, producing a bit rate reduction decoded video data 903 and an error flag 904 on a block 
by block basis, a concealment memory 905, and a switch 906 for selecting either the output data 903 of the bit rate 
reduction decoder 902 or an output data of the concealment memory 905. 

so [0039] In this embodiment, decoding Is carried out for the bit rate reduction encoded data and error concealment is 
earned out for the decoded video signal. First, an output UNIT of the error correction decoder 102 is multiplexed with a 
concealment information data in the concealment information multiplexer 900. In this case, error concealment is not 
carried out for any UNIT having an en-or, and the concealment information data is always set to "00" and multiplexed. 
Next, in the additional infornnation multiplexer 901, an error flag 104 is multiplexed to the corresponding UNIT. As a 

ss result, each UNIT is multiplexed with the concealment information data "00" and the error flag, and supplied to both the 
bit rate reduction decoder 902 and the digital interface circuit 114. The bit rate reduction decoder 902 carries out decod- 
ing according to the multiplexed error flag and outputs the decoded video data 903 and tiie error flag 904 in the unit of 
the block of 8 x 8 pixels. Namely, for tiie UNIT multiplexed with the error flag "1", the en-or flag 904 is set to "1" for the 



7 



EP0 602 817 B1 



five blocks forming the corresponding macro block. 

[0040] Finally, error concealment is carried out by using the concealment memory 905 and switch 906. The switch 
906 operates switching on a block by block basis in response to the en-or flag 904. When the error flag 904 is "0". that 
IS. when the block has no en-or, the switch 906 is set to the A-side thereof. Thus, the decoded data 903 from the bit rate 
reduction decoder 902 is selected and sent through the D/A converter 112 to the terminal 113. and at the same time 
written into the concealment memory 905. When the en-or flag 904 is "1 that is . when the block has an error the switch 
906 IS set to the B-side thereof. Thus, the decoded data of a con-esponding block of one frame before is read out from 
the concealment memory 905 and sent through the D/A converter 1 1 2 to the terminal 1 1 3. and at the same time written 
into the concealment memory 905 again. As a result, the concealment memory 905 always has stored therein correct 
block data for concealment of data of the next and following frames. On the other hand, the concealment information 
data and the en-or flag are multiplexed to each UNIT and sent out from the terminal 1 15 as digital data in the bit rate 
reduction encoded state. The dubbing processing of the data in the apparatus on the recording side in this embodiment 
IS the same as in the first embodiment. 

[0041 1 As described above, according to this embodiment, in the case that the data having been subjected to digital 
dubbing in the bit rate reduction encoded state is reproduced, the data of each UNIT is concealed depending on the 
multiplexed error flag, so that it is possible not to output any en-oneous data onto a reproduced picture 
[0042] Fig. 10 is a block diagram of a digital video signal processing apparatus according to a third embodiment of 
this invention. This apparatus has a STATUS Information generator 1000 and a STATUS information multiplexer 1001 
[0043] In this embodiment, each UNIT is multiplexed with a STATUS information data as shown in Table 2. Referring 
to the STATUS information data shown in Table 1 . the concealment information is expressed in a two-brt code and the 
additional information is expressed in a one-bit code. Referring to the STATUS information data in Table 2 on the other 
hand, the concealment information, decoding information and error information are collectively express^ in a single 
four-bit code. Fig. 1 1 is a diagram showing a data arrangement of a UNIT multiplexed with the STATUS information data 
The STATUS information generator 1000 generates a four-bit STATUS information data in accordance with the conceal- 
ment information data multiplexed in the concealment information multiplexer 107. The STATUS information multiplexer 
1001 multiplexes the STATUS information data to the head of each UNIT instead of the concealment information data 



Table 2 



STATUS 


Definition 


0000 


UNIT has no error 
UNIT is not concealed. 


0 0 10 


UNIT is concealed from one frame before. 
Continuity of data with other UNITs is ensured. 


10 10 


UNIT is concealed from one frame before. 
Continuity of data with other UNITs is not ensured. 


0 100 


UNIT is concealed from one frame after. 
Continuity of data with other UNITs is ensured. 


1100 


UNIT is concealed from one frame after. 
Continuity of data with other UNITs is not ensured. 


0 110 


UNIT is concealed, but its method cannot be identified. 
Continuity of data with other UNITs is ensured. 


1110 


UNIT is concealed, but its method cannot be identified. 
Continuity of data with other UNITs is not ensured. 


1111 


UNIT has an error. 



[0M4] Fig. 12(a) shows the STATUS information to be set to each UNIT when only one UNIT of the five UNITs con- 
sttutng one compression block in this embodiment is concealed. Rrst. for the UNIT n that is concealed the STATUS 
.rformation da^a .s set to "1010". For each of other UNITs (n+1) to (n+4). the STATUS information is set to "0000". Fig 
12(b) shows the STATUS information data to be set to each UNIT when all of the five UNITs constituting one compres- 
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sion block in this embodiment are concealed, in which the concealment information data is set to "0001 " to each of UNIT 
n to UNIT (n+4). 

[0045] As described above, according to this embodiment, by coding the concealment information, decoding informa- 
tion and error flag as the STATUS information data collectively expressed in a single four-bit code, it is possible to rep- 
resent larger amount of information concerning the UNITs. 

[0046] In addition, in the embodiments described above, a macro block is made of four luminance signal blocks and 
two chrominance signal blocks, but not limited thereto, one macro block may be made of a different number of blocks. 
[0047] Further, it should be noted that the output terminal 11 5 of the apparatus shown in Fig. 1 may be connected to 
either the input terminal 1 19 of the same apparatus or a corresponding input terminal (1 19) of another recording appa- 
ratus. The same thing can be said for the apparatuses shown in Figs. 9 and 10. 

[0048] Further, error concealment may be made by repladng a UNIT by a con-e^onding UNIT of a picture one frame 
after the current frame. 

Claims 

1 . A digital video signal processing apparatus for reproducing a digital video signal from bit rate reduction coded data 
recorded on a recording medium in the form of record blocks which have been produced by dividing a digital video 
signal into small blocks, forming macro blocks each being composed of a specified number of small blocks, bit rate 
reduction encoding each of said macro blocks, forming said record blocks from the encoded macro blocks, respec- 
tively, and recording said record blocks on the recording medium, said apparatus comprising: 

reproducing means (100, 101) for reproducing said record blocks from the recording medium; 
error correction means (102) coupled to said reproducing means for correcting errors contained in the repro- 
duced record blocks; 

first output means (1 1 4. 1 1 5) coupled to said error correction means and adapted to be connectable to a digital 
video signal recording apparatus for outputting the reproduced record blocks: 

decoding means (111) coupled to said error correction means for decoding bit rate reduction encoded data in 
each of said reproduced record blocks to obtain a decoded digital video signal; and 

second output means (112,113) coupled to said decoding means for outputting the decoded digital video sig- 
nal, 

characterized in that said digital video signal processing apparatus further comprises: 
error concealment means (105, 106) coupled to said error correction means so that it receives bit rate reduc- 
tion encoded data from said error correction means, for performing error concealment of each of the repro- 
duced record blocks which has an error which cannot be corrected by said error correction means; and 
multiplexing means (107-110, 1000. 1001) coupled to said error concealment means for multiplexing each of 
the reproduced record blocks with information necessary for decoding to obtain multiplexed record blocks each 
being multiplexed with said information, wherein said information includes a concealment information data indi- 
cating whether or not an error in each record block multiplexed with said concealment information data has 
been concealed and how said error in said each record block has been concealed, and in that 
said first output means (114) is coupled to said multiplexing means for outputting said multiplexed record 
blocks. 

2. A digital video signal processing apparatus according to claim 1 . wherein said multiplexing means (1 07-110. 1 000, 
1001) multiplexes, among the reproduced record blocks, each record block which has been concealed by said en-or 
concealment means (105. 106) with said concealment information data, and multiplexes, among the reproduced 
record blocks, each record blocks which has not been concealed by said en-or concealment means with said con- 
cealment information data and an error flag indicating whether or not an error exists in said record block which has 
not been concealed by said error concealment means, to obtain said multiplexed record blocks. 

3. A digital video signal processing apparatus according to claim 1 or 2, wherein each of at least one of said record 
blocks may contain bit rate reduction encoded data of at least two encoded macro blocks, and wherein said multi- 
plexing means (107-1 10. 1000, 1001) further multiplexes, among the reproduced record blocks, each record block 
which has been concealed by said en*or concealment means with a decoding information data indicating whether 
or not the record block multiplexed with the decoding information data can be decoded by using bit rate reduction 
encoded data of another record block. 
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PatentansprOche 

1. Vorrichtung zum Verarbeiten eines digitalen Videosignals, mit der ein digitales Videosignal aus Brtratenreduktions- 
Codierung unterzogenen Daten wiedergegeben wird, die auf einem Aufzeichnungsmedium in Form von Aufzeich- 
nungsblOcken aufgezeichnet sind, die erzeugt wurden. indem ein digitales Videosignal in Weine BlOcke unterteilt 
wunde, MakroblOcke hergestellt wurden, die jeweils aus einer bestimmten Anzahl Kleiner BlOcke bestehen, jeder 
der MakroblOcke Bitratenreduktions-Codierungen unterzogen wurde, die AufzeichnungsblGcke jeweils aus den 
codierten MakroblOcken hergestellt wurden und die AutzeichnungsblOcke auf dem Aufzeichnungsmedium aufge- 
zeichnet wurden, wobei die Vorrichtung umfa(3t: 

eine Wiedergabeeinrichtung (100, 101) die die AufzeichnungsblScke von dem Aufzeichnungsmedium wieder- 
gibt; 

eine Fehlerkorrektureinrichtung (1 02). die mit der Wiedergabeeinrichtung verbunden ist und die in den wieder- 
gegebenen AufzeichnungsblOcken enthaltene Fehler korrigiert; 

eine erste Ausgabeeinrichtung (114. 1 15), die mit der Fehlerkon-ektureinrichtung verbunden Ist und an eine 
Vorrichtung zum Aufzeichnen eines digitalen Videosignals angeschlossen werden kann, urn die wiedergege- 
benen Aufzeichnungsbldcke auszugeben; 

eine Decodiereinrichtung (111), die mit der Fehlerkorrektureinrichtung verbunden ist und Bitratenreduktions- 
Codierung unterzogene Daten in jedem der wiedergegebenen Aufzeichnungsbldcke decodiert. um ein deco- 
diertes digitales Videosignal herzustellen; und 

eine zweite Ausgabeeinrichtung (112,113). die mit der Decodiereinrichtung verbunden ist und das decodierte 
digitale Videosignal ausgibt; 

dadurch gekennzelchnet, da3 die Vorrichtung zum Verarbeiten eines digitalen Videosignals des weiteren 
umfaSt: 

eine Einrichtung (105, 106) zum Verbergen von Fehlem, die mit der Fehlerkorrektureinrichtung so verbunden 
ist. da3 sie Bitratenreduktions-Codierungen unterzogene Daten von der Fehlerkorrektureinrichtung empfangt. 
und die Fehler jedes der wiedergegebenen AufzeichnungsbliJcke verbirgt. der einen Fehler aufweist, der von 
der Fehlerkorrektureinrichtung nicht korrigiert werden kann; und 

eine Multiplexiereinrichtung (107-110. 1000. 1001). die mit der Einrichtung zum Verbergen von Fehlern ver- 
bunden ist und mit der jeder der wiedergegebenen Aufzeichnungsbldcke mit Informationen multiplexiert wird, 
die zum Decodieren erforderlich sind, um multiplexierte AufzeichnungsblOcke herzustellen. die jeweils mit den 
Informationen multiplexiert sind, wobei die Informationen eine Verbergungsinformation enthalten. die anzeigt, 
ob ein Fehler in jedem Aufzeichnungsblock, der mit der Verbergungsinformation multiplexiert wurde, verborgen 
worden ist Oder nicht. und wie der Fehler in jedem Aufzeichnungsblock verborgen worden ist. und dadurch 
daB 

die erste Ausgabeeinrichtung (114) mit der Multiplexiereinrichtung verbunden ist und die multiplexierten Auf- 
zeichnungsbldcke ausgibt. 

2. Von-ichtung zum Verarbeiten eines digitalen Videosignals nach Anspruch 1 . wobei die Multiplexiereinrichtung (107- 
110. 1000. 1001) von den wiedergegebenen AufzeichnungsblOcken jeden AufzeichnungsblocK der von der Ein- 
richtung (105, 106) zum Verbergen von Fehlem vertxjrgen worden ist. mit der Verbergungsinformation multiplexiert 
und von den wiedergegebenen AufzeichnungsblOcken jeden Aufzeichnungsblock, der von der Einrichtung zum 
Verbergen von Fehlern nicht vertxjrgen worden ist, mit der Verbergungsinformation und einem Fehlerkennzeichen 
multiplexiert. das anzeigt. ob in dem Aufzeichnungsblock, der von der Einrichtung zum Verbergen von Fehlern nicht 
vert)orgen worden ist, ein Fehler vorhanden ist Oder nicht. um multiplexierte Aufzeichnungsbl6cke herzustellen. 

3. Vorrichtung zum Verarbeiten eines digitalen Videosignals nach Anspruch 1 oder 2, wobei jeder von wenigstens 
einem der AufzeichnungsblOcke Bitratenreduktions-Codierungen unterzogene Daten von wenigstens zwei codier- 
ten MakroblOcken enthalten kann, und wobei die Multiplexiereinrichtung (107-110. 1000, 1001) des weiteren von 
den wiedergegebenen AufzeichnungsblOcken jeden Aufzeichnungsblock, der von der Einrichtung zum Verbergen 
von Fehlern verborgen worden ist, mit einer Decodierinformation multiplexiert, die anzeigt. ob der Aufzeichnungs- 
block, der mit der Decodierinformation multiplexiert worden ist. unter Venwendung von Bitratenreduktions-Codie- 
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rung unterzogenen Daten eines anderen Aufzeichnungsblocks decodiert werden kann Oder nicht. 
Revendlcatlons 

1. Dispositif de traitement d'un signal vid6o num§rique pour la reproduction d'un signal vld§o num^rique ^ partir de 
donn6es cod^es avec una r^uction de la cadence binaire et enregistr6e sur un support d'enregistrement sous la 
forme de blocs d'enregistrement, qui ont 6t6 produrts par subdivision d'un signal vid6o num6rique en petits blocs, 
former des macro-blocs constitu6s chacun d'un nombre specif i6 de petits blocs, coder chacun desdits macro-blocs 
avec r6duction de la cadence binaire, former lesdits blocs d'enregistrement respectlvement k partir des macro- 
blocs cod^s et enregistrer lesdits blocs d'enregistrement sur le support d'enregistrement, ledit dispositif compre- 
nant : 

des moyens de reproduction (100,101) pour reproduire lesdits blocs d'enregistrement k partir dudit support 
d'enregistrement; 

des moyens de correction d'erreurs (102) couples auxdits moyens de reproduction pour corriger des erreurs 
contenues dans les blocs d'enregistrement reproduits; 

des premiers moyens de sortie (1 14»1 15) coupl6s auxdits moyens de correction d'erreurs et adapt6s pour pou- 
voir §tre raccord6s k un dispositif d'enregistrement d'un signal vid6o num6rique pour d6livrer les blocs d'enre- 
gistrement reproduits; 

des moyens de d6codage (111) coupl6s auxdits moyens de correction d'erreurs pour d6coder des donn6es 
cod6es avec r^uction de ia cadence binaire dans chacun desdits blocs d'enregistrement reproduits pour 
obtenir un signal vid6o num6rique d6cod6; et 

des seconds moyens de sortie (1 12, 11 3) couples auxdits moyens de d6codage pour d6livrer le signal vid^ 
num^rique d^cod^; 

caract§ris6 en ce que ie dispositif de traitement d'un signal vid6o num^rique comprend en outre : 
des moyens de suppression d'erreurs (105,106) coupI6s auxdits moyens de correction d'erreurs de mani^re k 
recevoir lesdites donn6es cod6es avec reduction de la cadence binaire k partir desdits moyens de correction 
d'erreurs, pour ex^cuter une suppression d'erreurs dans chacun des blocs d'enregistrement reproduits. qui 
corrtient une erreur qui ne peut pas §tre corrig6e par lesdits moyens de correction d'erreurs: et 
des moyens de muttiplexage (107-110, 1000, 1001), couples auxdits moyens de suppression d'erreurs pour 
multiplexer chacun des blocs d'enregistrement reproduits avec une information n6cessaire pour le d6codage 
pour obtenir des blocs d'enregistrement multiplexes, dont chacun est multiplex^ avec ladite information, ladite 
information comprenant des donn6es d'information de suppression indiquant si une erreur dans chaque bloc 
d'enregistrement multiplex^ avec lesdites donn^es d'information de suppression a 6t6 ou non supprim6e et de 
quelle mani^re ladite erreur de chacun desdits blocs d'enregistrement a 6t6 supprim6e, et en ce que 
lesdits premiers moyens de sortie (114) sont couples auxdits moyens de multiplexage pour d^livrer lesdits 
blocs d'enregistrement multiplexes. 

2. Dispositif de traitement d'un signal vid6o num6riques selon la revendication 1 , dans lequel lesdits moyens de mul- 
tiplexage (107-110, 1000, 1001) multiplexent, parmi les blocs d'enregistrement reproduits, chaque bloc d'enregis- 
trement dans lequel une suppression a 6t6 r6alis6e par lesdits moyens de suppression d'en-eurs (105.106), avec 
lesdites donn6es d'information de suppression, et multiplexent, parmi les blocs d'enregistrement reproduits, cha- 
cun des blocs d'enregistrement dans lequel une suppression n'a pas 6t6 effectu6e par lesdits moyens de suppres- 
sion d'erreurs. avec lesdites donn6es d'information de suppression, et un drapeau d'erreur indiquant si une erreur 
existe ou non dans ledit bloc d'enregistrement. dans lequel une suppression n'a pas 6t6 ex6cutee par lesdits 
moyens de suppression d'erreurs, pour obtenir des blocs d'enregistrement multiplexes. 

3. Dispositif de traitement d'un signal vid6o num^riques selon la revendication 1 ou 2. dans lequel chacun d'au moins 
un desdits blocs d'enregistrement peut contenir des donn6es cod6es avec reduction de cadence binaire d'au 
moins deux macro-blocs codes, et dans lequel lesdits moyens de multiplexage (107-1 10, 1000, 1001) multiplexent 
en outre, parmi les blocs d'enregistrement reproduits. chaque bloc d'enregistrement, dans lequel une suppression 
a ete ex6cut6e par lesdits moyens de suppression d'erreurs, avec des donn6es d'information de decodage indi- 
quant si le bloc d'enregistrement multiplexe avec les donnees d'information de decodage peut ou non §tre decode 
moyennant I'utilisation des donnees, codees avec reduction de la cadence binaire, d'un autre bloc d'enregistre- 
ment. 
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